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ABSTRACT 

We present evidence for anomalous microwave emission in the RCW175 Hii region. Motivated by 
33 GHz 13' resolution data from the Very Small Array (VSA), we observed RCW175 at 31 GHz with the 
Cosmic Background Imager (CBI) at a resolution of 4'. The region consists of two distinct components, 
G29.0-0.6 and G29. 1-0.7, which are detected at high signal-to-noise ratio. The integrated flux density is 
5.97 ± 0.30 Jy at 31 GHz, in good agreement with the VSA. The 31 GHz flux density is 3.28 ± 0.38 Jy 
(8.6(t) above the expected value from optically thin free-free emission based on lower frequency radio 
data and thermal dust constrained by IRAS and WMAP data. Conventional emission mechanisms such 
as optically thick emission from ultracompact Hii regions cannot easily account for this excess. We 
interpret the excess as evidence for electric dipole emission from small spinning dust grains, which does 
provide an adequate fit to the data. 



Subject headings: radio continuum: 
general 



ISM — ISM: individual (RCW175) — radiation mechanisms: 



1. INTRODUCTION 



In recent years there has been mounting observational 
evidence for a new diffuse component emitting at frequen- 
cies w 10 — 60 GHz. The anomalous microwave emissio n 
was first detected at 14 and 32 GHz bv lLeitch et all (|1997D . 
Since t hen, a similar picture has emerged both at high lat- 
itudes (Banday et al. 2003; de Olivcira-C osta et al.l 2004 : 
Fernandez- Cerezo et al. 2006 : Hildcbrandt et all 12007 : 
Bonaldi et al. l2007l) a n d from indiv i dual Galactic sources 



(ICa sassus et al 
IScai fe et al 



2004', '2006 L 12007 : 



2007t [Dickinso n et al 



■ IWatson et al.l l2005t 
20071 ), although nega- 



tive detections have als o been reported ([Dickinson et al.l 
120061: IScaife et al.ll2008f ). The spectral index between 20 



and 40 GHz is a « —1.1 ( Davies et al. 2006|) with some 
evidence of flattenin g at ^ 10 — 15 GHz ("Lcitch ct al."l997'; 
[deOlivcira-Costaet all |2004| : Hildcbrandt ct al. 2007). 
The emission appears to be very closely correlated 
with far-IR data suggesting a dust origin. Vari- 
ous emission mechanisms have bee n suggested, includ- 
ing hot (T ~ 10^ K) free-free (Leitch et al.' Il997t ). 
flat spect rum synchrotron (Bennett et al. 2003 ), spin- 
ning dust (iDraine fc Lazarianlll998al lbl) and magnetic dust 
([Draine fc Lazariaiilll999f ) . The overall picture is still very 
unclear and new data covering the range 10 — 60 GHz are 

urgently nee ded. 

RCW175 (jRodgers et al.l Il960[ ) is a diffuse Hii region, 
which consists of a "medium brightness" optical filament 
(G29.1-0.7, S65) '^ 7' x 5' in extent, and a nearby compact 



source (G29.0-0.6), which is heavily obscured by dust. Al- 
though the filament is clearly seen in high resolution data, 
the compact counterpart is considerably brighter. The ion- 
ization is thought to be provided by a singl e B-1 II type 
star, which for ms part of a 5-star cluster (JForbesI 119891 : 
I Sharpies^ 1 19591 ) at a distance of 3.6 kpc. 

Observati ons made with the Very Small Array (VS A) 
at 33 GHz (| Watson et al.ll2003l : IpTckinson et all (2004( 1 as 
part of a Galactic plane survey (Todorovic et al., in prep.) 
indicate that RCW175 is anomalously bright by a factor 
of « 2, when compared with lower frequency data. In 
this Letter^ we present accurate Cosmic Background Im- 
ager (CBI) 31 GHz observations of RCW175 and make a 
comparison with ancillary radio/FIR data. We find that 
the emission at 31 GHz is significantly above what is ex- 
pected from a simple model of free-free and vibrational 
dust emissions. 

2. DATA 

2.1. 31 GHz: Cosmic Background Imager 

The CBI is a 26 — 36 GHz 13-element comounted inter- 
ferometer, operated at the Chajnantor Observatory, Chile. 
The original CBI used 0.9 m dishes to provide high temper- 
ature sensitiv ity measurements on angular scales ~ 30' — 6' 
(jPadin et al.| [2002: Readhcad ct al. 2004). Recently, it has 
been upgraded with 1.4 m dishes (CBI2) to give increased 
temperature sensitivity on angular scales « 4' — 15' (Taylor 
et al., in prep.). 
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We observed RCW175 at RA= 18'H6™40% Dec= 
-03'^46™00" (J2000), on 4 nights in May 2007, with a 
total integration time of 6 hr with CBI2. Boresight rota- 
tions of the array were used to improve the u, w-coverage. 
Ground spillover was removed by subtracting observations 
of a comparison field, 8 min later in RA, observed at 
the same hour angles. Jupiter was the primary ampli- 
tude/phase calibrator with absolute calibration ti ed to a 
Jupit er temperature of 146.6±0.75 K at 33 GHz (Hill et al.l 
l2008f ). Observations of secondary calibrators showed that 
the pointing was good to better than 1'. 

A uniform- weighted, CLEANed map is shown in Fig. [1] 
The synthesized beam is 4'. 3 x 4'.0 and the primary beam 
is approximately Gaussian with FWHM 28'.2 (30GHz/i^). 
Corrections for the primary beam were made directly to 
the CLEAN components at each frequency; the bulk of 
the emission fits well within the extent of the primary 
beam. The total flux density in the map is 6.4 Jy with 
a peak brightness of 1.04 Jy/beam and the noise level is 
27 mJy/beam. 

The CBI map detects and resolves both components in 
the RCW175 region. G29.0-0.6 in the west is more com- 
pact and is significantly brighter than the more diffuse 
G29.1-0.7 in the east. Although there is some extended 
emission almost all (93%) of the flux can be fitted by 
two Gaussian components. Note that the entire extent of 
RCW175 is equivalent to « 13 beam areas, thus the max- 
imum CLEAN bias is « 0.35 Jy. We fitted two elliptical 
Gaussians plus a baseline offset using the AiPS task jm- 
FIT. At 31 GHz we find that G29.0-0.6 has a deconvolved 
size 5'. 4 X 5'.1 and integrated flux density, Si — 2.20 Jy. 
G29. 1-0.7 is lO'.O x 8'.2 and S, = 3.76 Jy. Simulations 
showed that CBI flux-loss due to the limited u, u-coverage 
is < 10% when fitting two Gaussians to the bulk of the 
emission. 

2.2. Ancillary radio /FIR data 

Table [1] lists frequencies, angular resolutions and refer- 
ences for the dat£(3 used in this Letter and Fig. [1] shows 
selected maps centered on RCW175. The radio maps from 
1.4 GHz to 14.35 GHz show enhanced emission at the same 
location as that seen in the CBI image with the bright, 
more compact, hotspot in the west (G29.0-0.6) and the 
fainter component to the east (G29.1-0.7). For data with 
resolutions ~ 4', the sub-components are not well sepa- 
rated and the bulk of the emission is confined to a region 
~ 10' X 5'. At these resolutions the region looks like one 
extended object with G29.0-0.6 dominating at one end. 
The higher resolution NVSS 1.4 GHz/ Spitzer 24 /im data 
show the more compact G29.0-0.6 has an extent of « 2'. A 
filament of emission to the east (G29. 1-0.7) is coincident 
with the filament seen in high resolution optical/IR im- 
ages. There is low-level emission in the region in between, 
which is particularly evident in the 24 iixn image. 

WMAP 5-yr total-intensity maps (JHinshaw et al.ll2008[ ) 
covering 23-94 GHz show no significant detection of emis- 
sion above the Galactic background at the location of 
RCW175. The 94 GHz map, at « 12'. 6 resolution, is how- 



ever useful for placing an upper limit on the thermal dust 
contribution (see ^A^. 



3. FLUX DENSITY SPECTRUM 

3.1. Integrated flux density spectrum 

The integrated flux density in each map was calculated 
both by fltting multiple Gaussians (with baseline offset) 
and by integrating over a given aperture. For the inter- 
ferometric data, both methods gave roughly consistent re- 
sults within the errors. For total-power data, the aperture 
value could be over-estimated due to the background level. 
Moreover, a possible offset of ~ 0.'5 in the CBI map could 
result in a bias depending on the exact aperture location; 
an offset of « 0'.5 does appear to be visible when compar- 
ing CBI contours with the NVSS 1.4 GHz map (Fig. [J). 
For these reasons, we chose the Gaussian fltting method 
as described in tj2.1l 

Integrated flux densities for RCW175 and the G29.0-0.6 
component are given in Table [1] and plotted in Fig. [21 Ab- 
solute calibration errors (assumed to be 10% if not known) 
were added in quadrature to the fltting error reported by 
JMFIT. We include the 33 GHz value for RCW175 from 
the VSA, which is in good agreement with the CBI value. 
The lower resolution (« 13') VSA data meant that a single 
Gaussian flt was adequate and that flux loss was negligible. 
Since there is a correction factor of 1.53 for the primary 
beam at the position of RCW175, we assigned a conser- 
vative 10% error to account for any small deviations from 
the assumed Gaussian primary beam. An upper limit was 
inferred from the WMAP W-band (94 GHz) map by flt- 
ting for a parabolic baseline in the vicinity of RCW175 to 
account for the Galactic background, and calculating the 
3(7 of the residual map. 

3.2. SED fitting 

For a classical Hii region, the radio/microwave spectrum 
consists of free-free emission at radio wavelengths and vi- 
brational dust emission at infrared wavelengths. At the 
lowest radio frequencies (typically < 1 GHz), the free- 
free emission is optically thick and follows a a « +2 
spectruno- Above the turnover frequency (typically ^ 
1 GHz) , the emission becomes optically thin and follows a 
a « —0.1 power-la w, with ve ry little dependence o n physi- 
cal co nditions (Rvbicki fc Lightman 1979 : Dickinson et aLl 
l2003t) . At high frequencies (typically > 100 GHz), vi- 
brational dust emission becomes dominant. Vibrational 
dust is well-represented by a modifled black-body func- 
tion, iy'^^'^B{i', Tdust), where /? is the dust emissivity index 
and B{i', Tdust) is the black-body function for a given dust 
temperature, Tdust- 

The SED for RCW175 and the G29.0-0.6 component is 
shown in Fig. [3 The low frequency (< 15 GHz) data were 
fltted by an optically thin free-free power-law spectrum 
{S ex i^") flxed to the theoretical value, a = —0.12 for Tg « 
8000 K and frequencies around ~ 10 GHz. When fltting for 
the index we found a = —0.32 ± 0.15, which is consistent 
with this value. The infrared data (60/100 /im) were fit- 
ted by a single temperature dust component using a simple 



^^ Data were downloaded from th e Skyview website (http://skyview.gsfc.nasa.gov), the MPIfR Image Survey Sampler web- 
site (http://www.mpifr-bonn.mpg.de/survey.html), the LAMBDA website (http://lambda.gsfc.nasa.gov/) and the IRSA website 
(|http://irsa. ipac.caltech.edu) 

^^ Throughout this Letter, we use the spectral index convention for flux density given hy S ex u"' . 



Anomalous microwave em.ission from. RCW175. 



modified black-body curve, S oc i'^~^^B{i',Tdust)- We did 
not attempt to fit data at shorter wavelengths. Since there 
are no data points in the sub- mm (~ f 00 — 1000 GHz), the 
emissivity index w as fixed a t [3 — -1-2.0, which is typical 
for Hll regions (e.g. iGordonI |l988)). Flatter indices in the 
range /9 « 1 — 2 have been observed while the preferre d 
value for Tdust « 30 K is /3 « +1.6 (jDupac et al.ll2003D . 
However, the 94 GHz upper limit does not allow flatter 
indices than /3 w 2. The best- fitting dust temperatures 
were Tdu^t = 30.1 ± 5.7 K and T^^st = 37.6 ± 6.4 K, for 
RCW175 and G29.0-0.6, respectively 

From Fig. [5] it is clear that the ~ 30 GHz flux den- 
sities are significantly higher than the simple model can 
allow for. This model predicts a 31 GHz flux density for 
RCW175 of 2.69±0.24 Jy, compared to the measured value 
of 5.97 ± 0.30 Jy. This corresponds to an excess over the 
free-free emission of 3.28 ± 0.38 Jy (8.6cr). Adopting the 
best-fit spectral index at low frequencies results in a larger 
excess at 31 GHz, although at a reduced significance level 
(6.4(t) due to the increased error when fitting for an ad- 
ditional parameter. The brighter component of G29.0-0.6 
shows a similar level of excess (Fig. [5]) . 

4. DISCUSSION 

A peaked (convex) spectrum is required to produce ex- 
cess emission at ~ 30 GHz without exceeding the up- 
per hmit at 94 GHz. The 3cr upper hmit at 94 GHz 
strongly rules out a cold thermal dust component, or a 
flatter dust emissivity. Convex spectra can be produced by 
optically thick ultracompact (UC) Hii regions, gigahertz- 
peaked spectrum (GPS) sources, or some new mechanism 
such as electro-dipole and magneto-dipole radiation. 

UC Hii regions are self-absorbed up to higher frequen- 
cies because of extremely high densities. Indeed it is 
possible to fit the radio data including the VSA/CBI 
data by including a homogenous compact Hii region 
with angular size ~ 1" and emission measure of ~ 3 x 
10^ cm~^pc. Such parameter s are within observed lim- 
its (|Wood fc Churchwel]||198y ). However, the additional 
component produces too much flux (> 10 Jy) at 94 GHz. 
For the same reasons, magneto-dipole radiation can also 
be excluded as a major contributor. 

GPS sources are high redshift radio sources in which 
the radio jets have been highly confined and the syn- 
chrotron emission is self-absorbed. A search through the 
NVSS catalogue (jCondon et al.l [19981 ) revealed no bright 
(^ 100 mjy) compact radio sources in this region and no 
bright (> 20 mJy), point-like sources appear in the NVSS 
1.4 GHz map. 

The anomalous emission could be due to electric dipole 
radiation from small rapidly spinning dust grains. If such 
grains have a residual dipole moment and spin at GHz fre- 
quencies, they will emit over a narrow range of frequencies. 
Fig. [2] sho ws a typical spinning dus t spectrum using the 
model of iDraine &: LazarianI (|l998b( ) for the Cold Neutral 
Medium (CNM), scaled to fit the VSA/CBI data. The 
highly peaked spectrum allows an adequate fit to the data 
both at ^ 10 GHz and yet consistent with the 94 GHz up- 
per limit. We note that the appropriate model for Warm 
Ionized Medium (WIM) peaks at a slightly lower frequency 
and predicts too much flux at ~ 10 GHz. However, the 
models are fairly generic and allow considerable freedom in 



the dust parameters (|FinkbeineiJl2004[ ) . A si milar situation 
is ob served in the Hii region G159 .6-18.5 (IWatson et a.l] 
|2005[ ) and the d ark cloud LDN1622 fCas assus et al.ll2006[) . 
The iDraine fc Lazarian (1998b ) models are expressed 
in terms of the intensity per hydrogen column density, in 
units of Jy sr"-'^ cm^ per H atom. We estimate an aver- 
age column density of hydrogen for RCW175 iV(H)Ri 4.4 x 
10^^ cm~^^ using the canonical factor 2.13 x lO^'' H cm~^ 
per unit of rioo/im (jFinkbeiner et al.l l2004f ). The best- 
fitting spinning dust model in Fig.[5]corresponds to A^(H)= 
4.4 X 10^^ cm~^^. The obser ved levels are therefore con - 
sistent with the emissivities of lDraine fc LazarianI (|l998b| ). 
It is also remarkable that the amplitude of the anomalous 
component is similar to the emissivit y relative to 100 /xm 
observed at high Galactic latitudes (|Davies et al.l 120061 ) . 
which is equivalent to 1 Jy at 30 GHz per 6000 Jy at 
100 /im. This does not appear to be the case for all Hii re- 
gions, which ha ve so far shown to have a reduced radio-to - 
dust emissivity (jDickinson et al.ll2007l: IScaife et al.ll2007[ ). 
High resolution, multi-frequency data in the range 10 — 
100 GHz are needed to confirm this result and to investi- 
gate the nature of anomalous emission. 

5. CONCLUSIONS 

Using data from the VSA and CBI, we have observed 
excess emission at ~ 30 GHz from the Hii region RCW175. 
The flux density spectrum indicates that about half of the 
flux in this region is from optically thin free-free emission 
leaving about half unaccounted for. An upper limit at 
94 GHz from WMAP data constrains the contribution of 
thermal dust emission. We have discarded optically thick 
free-free emission from UC Hii regions and GPS sources 
as possible candidates for this excess; an upper limit at 
94 GHz and high resolution radio data rule these out as 
the primary contributor at ~ 30 GHz. We interpret the ex- 
cess as electric dipole radiatio n from small rapidly spinnin g 
dust grains as predicted by iDraine fc Lazariai] (jl998b| ). 
These models provide a reasonable fit to the data that is 
consistent both in terms of spectral shape and emissiv- 
ity. High resolution, multi-frequency data in the range 
10 — 100 GHz are needed to confirm this result and to 
investigate the nature of anomalous emission. 
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Fig. 1.— Multi-frequency maps of the RCW175 region. From left to right: CBI 31 GHz CLEANed map, NVSS 1.4 GHz, Effelsberg 
2.7 GHz, WMAP 94 GHz and Spitzer MIPS 24 /jm. Angular resolutions and references are given in Table [l] Contours are CBI 31 GHz at 
20, 40, 60, 80% of the peak brightness, 1.04 Jy/beam. The CBI primary beam (FWHM) is shown as a dashed line. 
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Fig. 2. — Integrated flux density spectrum for a) both components combined (RCW175) and b) the brighter component (G29.0-0.6). Filled 
circles rep resent d ata fitted by a power-law with fixed spectral index (dotted line) and a modified black-body with fixed emissivity (dashed 
line). The lDraine fc Lazarian, (,1998b. ) CNM spinning dust spectrum (dot-dashed line) has been fitted to the 31/33 GHz data. 
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Table 1 
Flux densities for RCW175 and G29.0-0. 



Telescope/ 
survey 



Angular resolution 
(arcmin) 



Reference 
for data 



Altcnhoffct al. (1970) 

Rpich ct al. (WQO) 

Havnes et al. (1978) 

Langston et al. (2000) 

Handa et al. (1987) 

Langston et al. (2000) 

This work 

Todorovic et al. (in prep.) 

Hinsha w et al. (2008) 

Bcichm an et al. (1988) 

Beichman ct al. (1988) 

http://irsa.ipac.caltech.edu/ 



Flux density 
RCW175 (Jy) 



Flux density 
G29.G-0.6 (Jy) 



1.4 


Green Bank 300 ft 


9.4 X 10.4 


2.7 


Effelsberg 100 m 


4.3 


5 


Parkes 64 m 


4.1 


8.35 


Green Bank 13.7 m 


9.7 


10 


Nobeyama 45 m 


3 


14.35 


Green Bank 13.7 m 


6.6 


31 


CBI 


4.3 X 4.0 


33 


VSA 


13.1 X 10.0 


94 


WMAP 


«12.6 


2997 (100 Aim) 


IRAS 


«4 


4995 (60 Aim) 


IRAS 


«4 


12875 (24 Aim) 


Spitzer MIPSGAL 


0.033 



6.0 ±1.8 
3.83 ±0.38 
3.90 ±0.39 
2.68 ±0.35 

Not reported 
3.21 ±1.83 
5.97 ±0.30 
6.83 ±0.68 
< 4.5 (3cr) 

18320 ±10190 

5864 ±1292 

Not fitted 



Not resolved 
1.70 ±0.17 
1.30 ±0.71 

Not resolved 
1.39 ±0.14 

Not resolved 
2.20 ±0.33 

Not resolved 
< 4.5 (3cr) 

6970 ± 2930 
4131 ±548 
Not fitted 



